The diffusion coefficients of the divalent ions Mg, Zn, Ca, Cd and Pb have been measured between 600 and 800 °C. The results can be described by an Arrhenius equation, where the preexponential factors decreases when the radius of the diffusing ion increases. By comparing results for univalent and divalent ions we have found that the formation energy is constant and that the migration energy decreases when the cation radius increases.
The experimental technique has been described previously 1 . The results for Ba ++ and Mn ++ are only of qualitative nature due to difficulties with the chemical analysis, while for Be ++ we only found that the diffusion coefficient is very small.
The results are given in Table 1 and Fig. 1 . The diffusion coefficients are for all ions much greater than in "ordinary" solids. For instance for lithium sulphate at room temperature the diffusion coefficient is only about 0.5 -10 -11 cm 2 /s (I.e. 2 ). D increases for the divalent ions, but decreases for the univalent ions when the ionic radii increase (Fig. 2) , but if D is described by an Arrhenius equation, D = Z)0 exp ( -Q/R T), it is found that D0 and Q decrease, when the ionic radii increase both for the univalent 1 and divalent cations (Table 2) . Q is, however, considerably greater for the divalent than for the univalent cations. Table 2 . The interdiffusion coefficients described by the relation D=D0 exp ( -Q/R T). 5 is the standard deviation.
Discussion
The Activation Energy Q is decreasing both for the univalent and the divalent cations when the ionic radii increase, but Q for the divalent ions (Q ++ ) is considerably greater than the Q values for the univalent cations (() + ), if ions with approximately the same radii are considered.
For our further discusison of Q we have made some assumptions about the sulphate lattice and the distribution of the cations in the lattice.
In the sulphate lattice there are three lattice positions available for two cations 3 . The two smallest of these, the tetrahedral positions, can only accomodate lithium ions and perhaps sodium ions, while the greater one has a free space of about 3.18 Ä according to 0YE 4 . All the other studied cations must thus jump between the octahedral positions.
We have now assumed that the distribution of the cations is independent of the temperature and that the number of vacancies introduced by the addition of the divalent impurity cations can be neglected compared with the number of empty octahedral lattice positions.
Q can be written as the sum of a migration energy (Qj) and a formation energy (Qf). Qf must here be considered as the energy to create a suitable empty octahedral position. Qj is the energy which is 3 A. KVIST, Thesis, Göteborg 1967. needed for an ion to pass the potential barrier between two octahedral positions. Qj for the univalent ion (@j + ) should then be half that of a divalent ion (()j ++ ), if ions with equal ionic radii are considered. On the other hand the formation energy should be independent both of the ionic radius and the valency.
We thus obtain Qj decreases when the cation radius increases, while the formation energy is constant and independent of the diffusing ion. This is in agreement with the model given above.
The Pre-Exponential Factor
No systematical investigations of D0 for ionic compounds have been found in the literature. For metals D0 generally falls between 0.1 and 0.5 with a comparably low accuracy.
As a general expression for D0 one obtains
where g is a geometrical factor not far from unity, a a lattice parameter, v the vibration frequency of the considered ion and S{ and Sj the entropies of formation and migration.
If we have the same transport mechanism for the different ions, g and a are independent of the diffusing ion. v should be proportional to the inverse root of the reduced mass, but this relation can not ex- plain the behaviour of D0 when the ionic radius increases, see Fig. 3 . The fast decrease in D0 must thus be caused by a change in Sf or Sj . From the Eqs. (1) and (2) we found that Qi is independent of the diffusing ion and there are thus reasons to believe that also the formation entropy is constant for the different ions. On the other hand the decrease in Qj should correspond to a simultaneous change in Sj.
It is seen in Fig. 3 that D0 seems to go to zero (or to a very small value), when the ionic radius r=1.56Ä, which should lead to very small diffusion coefficients for a greater ion. For the sulphate ion for instance (ionic radius 2.4 Ä) the diffusion coefficient should thus be neglectable compared with the cations. It should also be observed that the value 1.56 Ä is in good agreement with the radius of the octahedral position, 1.59 Ä, found by 0YE 4 from X-ray investigations. The decrease in Qj and Sj for the greater ions might thus be explained by a better fitting of these ions in the octahedral positions.
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